Adenosine and verapamil are the most commonly used pharmacological agents to treat supraventricular tachycardia (SVT). This review aims to identify the effectiveness and safety of pre-hospital use of adenosine and verapamil by paramedics.
Introduction
Supraventricular tachycardia (SVT) is a transient cardiac arrhythmia that affects approximately 35 in 100 000 people in the community (1) . The most common presentation includes a 'racing' heart (heart rate >140 beats per minute) accompanied by palpitations, chest discomfort, shortness of breath and dizziness (2) . International resuscitation guidelines recommend two primary therapies for treating SVT in the acute setting: vagal manoeuvres and pharmacological interventions, while synchronised cardioversion is reserved for the unstable and deteriorating patients (3) (4) (5) . Where included in Australian pre-hospital clinical guidelines, synchronised cardioversion is reserved for the management of unstable SVT resulting in haemodynamic collapse (6) (7) (8) (9) (10) . Vagal manoeuvres provide a non-invasive means of increasing the refractoriness of the atrio-ventricular node (AV-node) by triggering baroreceptors in the aortic sinus and carotid bodies, thus terminating the arrhythmia, while pharmacological agents provide a similar increase in refractoriness by impairing normal ion activity through AV-node cell wall channels.
The primary pharmacological interventions for SVT are verapamil (a calcium channel blocking agent), and adenosine (a naturally occurring purine nucleoside which acts to inhibit sodium channels) (11) .
A meta-analysis of the effectiveness of adenosine and verapamil in reverting SVT reported that both drugs have a similar reversion effectiveness (~92%) (12) . Adenosine was noted to have a greater number of transient side effects, while verapamil was likely to demonstrate side effects that were prolonged or required immediate intervention.
In the pre-hospital setting, the use of a pharmacological agent that provides both safe and effective termination of the arrhythmia is important. To this end, the 2012 Ambulance Victoria Clinical Practice Guideline A0403: Supraventricular tachycardia, acknowledges the potentially significant sideeffects of verapamil through the inclusion of aramine (a synthetic alpha-agonist that increases peripheral vascular resistance) to the treatment algorithm where patients in SVT have blood pressures <100 mmHg systolic (10) .
This literature review examines the pre-hospital use of pharmacological agents by paramedics, specifically comparative studies of verapamil and adenosine reversion effectiveness and safety.
Methods
An electronic literature search was conducted, which included the Cochrane Database of Systematic Reviews, the Cochrane Register of Controlled Trials (Central), MEDLINE, Cumulative Index of Nursing and Allied Health Literature (CINAHL), EMBASE and Google Scholar. Studies in which comparative effectiveness of adenosine and verapamil were measured in the pre-hospital setting with treatment by paramedics were included for further analysis. Studies in which individual effectiveness of either verapamil or adenosine were measured in the pre-hospital setting were excluded. Studies of hospital or medical use of verapamil and or adenosine for SVT, or where pre-hospital care was provided by qualified physicians, were excluded. Animal studies and those articles unavailable in English were also excluded. The search strategy is reported in Figure 1 .
Due to differences in therapy regimens (specifically drug dosage and frequency) between the two studies, metaanalysis was not conducted. Both included studies were retrospective case series reviews, and as such were unable to be assessed for methodological quality using recognised tools, although this is likely to be less than optimum. 
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Results
The search identified two pre-hospital studies that compared verapamil and adenosine effectiveness when used by paramedics to treat SVT (Table 1) . Both studies employed a 12-month sample of retrospective chart review for verapamil, and a similar period of prospective chart review for adenosine. This pre-post model enabled comparison of factors such as paramedic electrocardiogram (ECG) interpretation, reversion effectiveness of each drug, adverse effects noted and inappropriate administrations by paramedics.
All items were rated very similar by the two raters, except for item six, which dealt with the definition of the target users of the guideline. This discrepancy can be explained by a difference in understanding of ARC Guideline 1.4, which states the ARC guidelines 'shall be resource documents for individuals and organisations that teach and practise resuscitation' (2). The issues associated with a poorly identified, and perhaps too broad a group of target end users, is discussed further below.
Smith: Paramedicine and the treatment of supraventricular tachycardia Australasian Journal of Paramedicine: 2014;11 (6) The adverse events reported in each study (Table 2 ) reflect commonly reported side-effect profiles of each pharmacological agent. The administration of verapamil in both studies reported less side effects, however, where these were experienced by patients they were prolonged (>5 minutes) and required invasive intervention including fluid resuscitation and synchronised cardioversion to correct. Conversely, those side effects reported as a result of adenosine administration in both studies were transient in nature, and resolved after a period of less than 30 seconds without further intervention. An exception to this was two episodes of adenosine-induced bronchospasm in patients with known asthma, which were resolved rapidly with the administration of salbutamol.
Study
Verapamil Detail (n) Adenosine Detail (n) Madsen et al [13] Ventricular tachycardia (1) Hypotension ( Table 2 . Adverse effects reported in pre-hospital studies of adenosine vs verapamil Paramedics within each study identified the arrhythmia using a single lead (Lead II) ECG, which was sent via telemetry to a local hospital for medical confirmation. Quality of data was reported to be limited by screen size and the absence of detail provided by a 12-lead ECG, and by the quality of transmission to the hospital for physician analysis. Both study articles identified that paramedic interpretation of ECG strips suffered from deficiencies. It was noted on ECG review in both studies that there were a similar number of interpretation errors by paramedics and physicians between studies, resulting in administration of pharmacological agents incorrectly to a number of patients (Table 3) . Additionally, a large proportion of errors were noted in the prospective arm of each study, with 24/34 (70.1%) and 34/36 (94.4%) ECG interpretation errors occurring in the prospective arm of each study respectively. 
Discussion
This review identified limited evidence to support and describe paramedic use of adenosine or verapamil for SVT reversion. Previous studies have demonstrated that both adenosine and verapamil have similar reversion effectiveness, (11,12,15- 19) yet these pre-hospital studies reported opposing views on reversion effectiveness between the two pharmacological agents. It is likely that the study-specific treatment regimen affected these results, with the use of medical oversight through authority to intervene via telemetry also influencing both intervention rate and reversion effectiveness as not all patients were treated within the study sample.
Differing treatment regimens and opposing findings precluded meta-analysis of results reported, and highlighted the need for more contemporary and larger studies into pre-hospital management of SVT. The findings of these studies, and their disparity with previous studies, offer insight into the challenges of conducting pre-hospital research generally. Issues of paramedic compliance with the study protocol, differing focus on the constitution of effectiveness overall and study design quality are all factors that impede the nature of development of such evidence.
It is important to consider the incidence, severity and duration of side effects when determining the suitability of pharmacological agents for pre-hospital use. The proportions of side effects reported within these two studies may represent a misleading factor in decision-making regarding the effectiveness of verapamil and adenosine. This is because those side effects reported within the adenosine arm of each study were largely resolved within 30 seconds, while those in the verapamil arm were prolonged (>5 minutes) and largely required significant intervention by paramedics to resolve. Circumstances where aggressive fluid resuscitation is required due to prolonged or profound hypotension, or where synchronised cardioversion is required as a consequence of rapidly deteriorating perfusion are not optimal within the confines of an ambulance with limited resources, and may potentiate further deterioration in the patient and a delay in transport to definitive care. Conversely, paramedics providing appropriate reassurance and information to patients before drug administration may ameliorate the impact of a higher incidence of transient effects. Thus, a careful assessment of patient impact is required in order to decide on an appropriate pre-hospital pharmacological intervention for the treatment of SVT.
Of importance is the ability for paramedics to demonstrate appropriate levels of knowledge and skill in order to correctly interpret the arrhythmia before intervention, as the consequence of inappropriate drug administration may be devastating for the patient (20) (21) (22) . Each of the emergency medical services identified in these studies employed a single lead (Lead II) ECG, and it is likely that this contributed to the error rate, although this is not quantified within the two studies. Notably, this error rate increased dramatically within the prospective arm of each study. It is unclear why this has occurred, as each study did not require paramedics to interpret arrhythmias in the prospective period that differed from those in the retrospective period. It could be speculated that the potential to perform a new intervention impacted other aspects of assessment; however this is again unquantifiable within these two studies.
Limitations of this review
There are several potential limitations within this review. The absence of randomised controlled trials impacts the quality of evidence reported. The two pre-hospital studies identified were somewhat dated, and the small sample size within each may inhibit generalisation of results. The reporting of opposing results and limited number of comparative studies provides challenges to identifying a preferred pharmacological agent through measurement of effectiveness. Variations in therapeutic regimens prevent meta-analysis of results.
